Recent trends occurring in broiler primary breeding companies are described. The structure and operation of broiler primary breeder companies are described from pedigree elite populations, through great-grandparent and grandparent generations, down to the parent stock. The relatively low value of fertility and hatchability, compared with yield and feed efficiency as selection traits, is assessed. The impact of the last 10 yr of genetic improvement in broiler and breeder traits are quantified and discussed, and predictions for future performance are made. It is concluded that artificial insemination will not be used in broiler primary breeder grandparent flocks or broiler breeder flocks until there is a 20% decline in fertility. 
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RECENT TRENDS
The success of broiler Primary Breeder Companies (BPBC) depends primarily on their ability to supply large orders of breeding stock that perform competitively in an increasing range of environments in a dynamic global market. In the U.S., where consumer consumption patterns show preferences for convenience and breast meat, there has been a move toward growing higher yielding birds to heavier live weights to allay greater processing and preparation costs. Some BPBC recognized these trends and were able to develop high yield breeds that gained market share, whereas BPBC that could not respond lost market share or their existence. As processors consolidated so have BPBC, which now number six large and at least as many smaller companies supplying the world about 300 million parent breeders. These BPBC are owned by large corporations in the pharmaceutical/agribusiness realm. As two of these companies presently are for sale, further consolidations are likely. Perdue Farms is the only fully integrated broiler company exclusively utilizing its own genetic stock.
STRUCTURE OF A BROILER PRIMARY BREEDER COMPANY
The structure of a BPBC is quite standard. It is pyramidal in nature, with the pureline elite stock in relatively small populations located at the apex and large numbers of broilers at the base. Figure 1 shows the world broiler primary breeder/industry structure. It is estimated that 0.4 million pedigree birds from 35 to 40 purelines eventually supply 400,000 million broilers. The mainline pedigree populations, categorized into male and female lines, undergo genetic selection to obtain incremental improvements in the major economic traits. For male lines, these traits are growth rate, edible meat yield, and feed conversion ratio. For female lines, these traits are growth rate, edible meat yield, egg production, and in, some cases, feed conversion ratio. The major traits are improved by positive selection (high intensity), which is regenerated from the best families. Minor traits, such as fertility, hatchability, and livability, are impacted by eliminating the few worst families (low intensity). This latter approach is focused on maintaining performance levels in these minor traits as gains in the major traits accrue.
About 80% of the resources in BPBC is invested in improving the performance of the mainlines and 20% in developing new lines or new products. The breadth of the gene pools (the number of distinct genetic lines) is dependent on individual philosophies of the BPBC and potential markets. Some BPBC have fewer than six experimental gene-pool lines whereas others have upwards of 30.
GREAT-GRANDPARENT AND GRANDPARENT STOCK
The multiplication generations of great-grandparent (GGP) and grandparent (GP) are placed in proportion to FIGURE 1. Structure of broiler primary breeders or producers, conventional throughout the world. Genetic time lag is 4 yr from pedigree purelines to end-product meat birds. All numbers in millions.
FIGURE 2. Typical use of purelines to produce end-product meat birds in broiler primary breeder companies. Typically, male lines are pureline, so that only one or two lines will be used to produce the parent stock males. Symbols in parenthesis represent a generation that could be by-passed. Generations are: great-grandparent (GGP); grandparent (GP); parent stock (PS); and end product (EP). the numbers of parent stock (PS or breeders) birds required. Pureline GGP and GP female breeders will produce between 30 and 40 usable progeny of one sex 125 eggs × 0.82 hatchability × 0.5 one sex × 0.40 utilization) in a 60-wk cycle. Male purelines are less prolific and will produce 20 to 30 usable single sex progeny (100 eggs × 0.72 hatchability × 0.5 one sex × 0.40 utilization).
The genetic improvement made in pedigree populations is passed down through the multiplication process as quickly and efficiently as possible. At each generation in the multiplication process, a dilution of the genetic improvement occurs because selections are either minimized or nonexistent, and because of meiotic recombination. Usually, this is a 4-yr process that results in "genetic lag time". The shorter the genetic lag time, the faster the improvement moves from the pedigree pureline populations to the crossbred broiler flocks. At Perdue, genetic lag time is minimized by two strategies. The male line pedigree populations are relatively large and, hence, are used to directly supply the male GP flocks, skipping the GGP multiplier level (Figure 2 ). Also, all surplus pedigree or foundation eggs are set to produce PS males ( Figure 2 ).
PARENT STOCK
All parent breeder females will be hybrids (Figure 2 ), most probably two-way crosses, available for around $2.25 per chick. Crossbreeding combines traits but also promotes the expression of hybrid vigor: a free gift that nature provides with specific crosses. In the case of the Perdue breeder female, the heterotic effect has been estimated to be 25 hatching eggs (15%) in a 65-wk cycle. Only a small number of all crosses produce positive heterosis of economic value of this magnitude, and it takes considerable research effort to identify lines that combine well, or "nick". Generally, the fitness traits, reproduction, and livability, are most likely to benefit from heterosis.
Most parent breeder males will be pureline and available for around $3.80 per chick. The greater selection intensity applied to males from male lines enables the rooster to have a greater impact on broiler performance improvements than the hen. Unless there are two male lines of equal status that combine well, pureline PS males are preferred to maximize performance and minimize variability. Most broilers, therefore, will be three-way crosses.
IMPACT OF GENETIC IMPROVEMENT
Genetic improvement or change is the product of the selection intensity applied and the heritability of the trait or index. Selection intensity is inversely related to the proportion of the population used to regenerate the pureline and is controlled by geneticists. Heritability is the proportion of the phenotypic variance observed that is genetic, and is a biological property of the pureline. Generally, it is considered that fitness traits, such as fertility (percentage fertile eggs per eggs laid), hatchability (percentage fertile eggs that hatch per eggs set), and livability (percentage survivors) have low heritabilities of 0 to 15% (Chambers, 1990; Gowe et al., 1993) . Hence, selection for these traits, or even applying all the selection pressure to these traits, would procure little if any improvement.
A 1.0% increase in hatchability (from 82 to 83%) would be worth $30,000 (15 million eggs × 0.01 × $0.20 per chick) weekly to Perdue. To obtain a selection response of 1.0% in hatchability, a selection differential of 8.0% (best quarter of population) would be necessary with a heritability of 0.15 (best case scenario). Growth rate, yield, feed conversion ratio, and egg production of broiler lines have moderate values (20 to 40%) for heritability (Chambers, 1990) , and will show more response to selection. A 1.0% increase in eviscerated carcass weight (sometimes termed "shell") would yield from 68 to 69% and would be worth $385,000 (14 million chicks × 2.270 kg × 0.01 × $1.21/kg) weekly to Perdue. A 1.0% increase in eviscerated carcass weight (from 68 to 69%) would require a selection differential of 2.5% (best third) with a heritability of 0.40 (best case scenario). A 1% improvement in feed conversion ratio would be worth $130,000 weekly to Perdue Farms. Figure 3 shows the 10-yr trend of growth rate for the Perdue broiler, which increased from 38.59 to 44.04 g/d; a 14% increase worth about $25 million. Figure 4 shows annual increases of 1.73 hatching eggs per hen and 1.57 chick over a 9-yr period for the Perdue female breeder; improvements worth about $8 million. Hatchability averaged 83.2% ± 1.40% to 63.6 wk of age over this period. Values for the past 2 yr were 81.7%, but it is not possible to state whether this decline was due to genetic changes, management effects, or the acquisition of more breeder flocks.
Although hatchability has shown a marginal decline, bird performance has continued to improve. Table 1 shows a pen trial comparison of eight different breed packages, representative of the industry, killed at 38 d of age. There is a wide range of values for all the economically important traits, namely, growth rate, yield, feed efficiency, and livability. Every broiler processor needs to identify the most suitable two or three breeds for their operations.
With the benefits of selecting for growout traits exceeding the benefits of improving chick production by a factor between 4 to > 11, broiler genetic improvement programs will continue to focus on growout traits. The assumption in this statement is that relative values for these traits will remain the same in the future. There are reports of negative genetic correlations between growth rate and some components of semen quality (Reddy and Sadjadi, 1990) , but this has not yet deterred the effort nor changed the direction of the broiler industry geneticists.
Industry trends over the last 5 yr show that egg production, fertility, and hatchability have been devalued in the choice of breeds in the U.S. This devaluation can be explained by the greater influence of the processing part of broiler operations on overall company decision making. The move toward yield will continue because of market requirements, and greater effort will be required in breeder management to maintain reasonable fertility. How much effort will be invested in the future by BPBC in selecting for reproductive traits will depend on competitive performance and customer feedback. The hope remains that the phenotype of the bird will still be able to be manipulated to offset, or at least minimize, genetic loss of reproductive efficiency.
The genetic improvement obtained over the past decade for growth, feed conversion ratio, and yield is expected to continue through the next decade at about the same rate. The questions of how much more and how much longer it can be raised is debatable. Extrapolation (with all its dangers) of current growth trends 75 yr into the future predicts a 2.0-kg broiler available at Day one! A 2.0-kg chick needs a 2.7-kg egg, which needs a 160-kg hen mated to a 180-kg rooster. As breeder size and egg size likely will remain similar to today's values, growth rate probably will reach a biological threshold between 3 and 4 wk of age. What this will do to reproductive fitness is anyone's guess, but its unlikely to be favorable. If reproduction does become a limiting factor, selection will have to be applied to alleviate fertility problems. Present and future knowledge of reproductive physiology will be required to develop measurements of fertility in both sexes that could be readily applied in a selection program. Either way, improvement in growout traits is likely to slow down.
ROLE OF ARTIFICIAL INSEMINATION IN A BROILER PRIMARY BREEDER COMPANY
Approximately half of the BPBC use cages for housing elite purelines, particularly female lines, whereas the other half purposely avoid them. From Figure 1 , it can be estimated that 18 to 20 purelines comprising 200,000 birds are housed in cages and artificially inseminated (AI). However, in all GP populations of all BPBC, natural mating is used exclusively, as there is a perception in the broiler industry that use of AI is purely a solution for fertility problems. Furthermore, BPBC do not wish to promote any idea that mating behavior of their particular Parent Stock package is flawed. Other reasons that AI is not feasible for GP flocks include biosecurity, genetic security, and genetic variation. Because GP flocks are located in different geographical areas from elite lines, extra GP males would have to be placed to cover semen supply failures. Weekly semen supply increases the amount of contact between the two sources, and is a risk to biosecurity. Minimizing elite sires through semen extension in order to generate maximum selection differentials is considered unwise because it would reduce genetic variation and increase genetic drift. No less than 50% of sires should be represented. Inseminating the wrong birds with the wrong semen would have a considerable impact on performance, which is the reason genetic security is a concern.
ARTIFICIAL INSEMINATION IN PARENT STOCK
With six million breeders in over 500 contract flocks, Perdue would need to invest $150 million for cages ($25.00 per bird) and hire 600 inseminators (2 people can inseminate 300 birds per hour) to AI each bird once weekly. This situation is not quite analogous to dairy cattle, where elite bulls are mated only once yearly (one to three AI) to commercial cows by AI. At the parent level, there is little concern for genetic variation, and because the birds will all be slaughtered, maximum use of elite sires would be desirable. Theoretically, the genetic lag time is at a minimum on the male side. Nevertheless, implementation of cages and AI is so radical a step that it will be considered only as a solution to a major fertility loss.
It is my opinion that hatchability would have to decline more than 20% before cages and AI will be considered a serious option. Artificial insemination of flocks on litter does not seem to be feasible at the present time, and would require development of new procedures. Other means, such as using traditional males on high yield females, using crossbred males, or using more frequent male replacement, will be applied to fertility enhancement before AI is ultimately utilized. Screening of males for various semen quality parameters has promise and could become routine. It will be interesting to observe the events of the next 20 yr.
FUTURE CONCERNS
There can be little doubt that further consolidation of BPBC will result in loss of genetic diversity. If industry growth slows and puts economic pressure on cost, BPBC will be keen to control costs by discarding marginal experimental lines. This short-term gain surely will become a long-term disadvantage. This issue has been addressed for both research lines and commercial lines, with establishment of the Avian Genetic Resources Task Force, but much remains to be done. Cryopreservation of semen and other tissues of individual males (or embryos) would be a cheaper way of maintaining diversity and would be sheltered from environmental influences. There needs to be greater support for improving cryogenic success with individual birds.
As a bird's genetic potential continues to improve, management requirements for the bird may become too difficult to meet, and compromises will be required. Investments in technology and more capable, better trained staff will be prerequisites for maintaining success. Otherwise, the industry will be forced to return to the traditional types of broiler, which will increase cost but are more fertile.
The ability to manipulate the phenotype of meat breeds has been a key property of the improvements made in broiler performance. Will biomalleability be impaired as birds become more extreme? Any impairment of this will slow genetic improvement.
CONCLUSION
The next 20 yr will make for interesting observations of broiler genetics as BPBC strive to maintain present levels of performance. Geneticists will continue to focus on improving growout traits while trying to minimize negative effects on fitness traits. It will take a substantial decline in reproductive efficiency, more than 20%, before serious consideration is given to its improvement.
However, use of AI will continue to be used at the elite level by some BPBC. Application of male semen quality tests will be evaluated in a limited way. There will be fewer BPBC supplying the world's breeding stock, and genetic diversity will be reduced. Ultimately, the future success of the broiler industry depends on the bird being able to continue to perform at present levels but with fewer management resources applied.
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